Abstract The aim of the study is to use the EQ-5D instrument to evaluate the long-term health states of women with early stage breast cancer treated by breastconserving surgery and radiation. A total of 1,050 women treated with conservative surgery and radiation with or without systemic therapy completed 2,480 questionnaires during follow-up visits. The EQ-5D is a standardized and validated instrument for measuring quality of life outcomes. The descriptive system uses 5 dimensions of health with three possible levels of response that combine into 243 (3 5 ) possible unique health states that are each assigned a values-based index score from 0 to 1. The visual analog scale (VAS) rates health on a simple vertical line from 0 to 100. Higher scores correspond to better health status. The mean index scores were 0.89 (95% CI: 0.87-0.91) at 5 years, 0.9 (95% CI: 0.86-0.94) at 10 years, and 0.9 (95% CI: 0.83-1.0) at 15 years. There were no significant differences in health states between patients by age when compared with U.S. controls. There was a statistically significant positive correlation between the results of the VAS and descriptive system. Significant trends in health dimensions over 15 years were increased problems with self-care and decreased problems with anxiety/ depression, pain/discomfort, and performing usual activities. This study of EQ-5D is unique and demonstrates very high quality of life in patients long-term after breast-conserving surgery and radiation. These health states are comparable to the adult female U.S. population. These data will provide valuable patient utility information for informing decision analyses investigating new treatments in women with breast cancer.
Introduction
Breast-conserving surgery and radiation are standard alternatives to mastectomy for eligible patients with Stage 0, I, and II invasive breast cancer [1, 2] . Postoperative whole-breast radiation is associated with long-term local control on the order of 85-95% with equivalent survival outcomes as mastectomy [3] [4] [5] . Postoperative radiation for invasive breast cancer has also been associated with improved local control [4, 6] and overall survival [7] compared to breast-conserving surgery alone for most women. Highly selected women with favorable early stage disease, usually of advanced age or other serious comorbidities, may be offered the option of no radiation [1] . Decision making about choosing one option over another for local treatment, particularly when survival outcomes are comparable, may often rest upon quality of life considerations.
Most studies examining quality of life after treating patients with breast cancer have focused on comparisons between treatment by breast-conserving surgery and mastectomy [8] . Specific studies on women treated after breast-conserving surgery and postoperative radiation have been limited to focusing on the short term, from weeks to within the first year after radiation [9] [10] [11] [12] [13] [14] , with few studies examining quality of life with longer follow-up [15] . This type of data on quality of life is often of interest to individual patients and their treating physicians. For example, reports of high quality of life after postoperative radiation could lead to more women choosing or more oncologists recommending this treatment option. However, this type of data may also serve an important function from the perspective of medical economics. For these utility analyses to be possible, long-term control data on quality of life are needed after breast-conserving surgery and radiation.
The EQ-5D is a standardized and validated instrument for measuring health outcomes [16] . It is designed to be simple for patients to use and takes only a few minutes to complete. There are two components to the instrument. The first component is a descriptive system that is comprised of five descriptive dimensions of health with three possible levels of response (no problems, some problems, or extreme problems). The dimensions are mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. There are 243 (3 5 ) possible unique health states described by the combination of these five dimensions. Each unique health state is then able to be assigned a values-based index score from population samples. The second component is a visual analog scale (VAS) that rates health on a simple vertical line from 0 (worst imaginable health state) to 100 (best imaginable health state). The data on patient preferences and quality of life generated by the EQ-5D can be used for quality-adjusted survival analyses.
The purpose of this study is to use the EQ-5D instrument to evaluate the long-term health states of women with early stage breast cancer after treatment with conservative surgery and radiation.
Methods and materials
The study population consists of 1,050 women with early stage breast cancer treated with breast-conserving surgery and radiation with or without systemic therapy. Inclusion criteria were American Joint Committee on Cancer stages 0, I, or II breast cancer [17] , radiation at Fox Chase Cancer Center, and completion of radiation therapy. Exclusion criteria for the study included male breast cancer, T3-T4 disease, stage IV disease, mastectomy, or patients treated without radiation. Patient demographics, tumor characteristics, and treatment-related information are entered prospectively into a database and maintained and updated by a single data manager. The protocol for collection, storage, and data retrieval is under compliance with the hospital Institutional Review Board and Health Insurance Privacy and Portability Act regulations.
All patients were treated with whole breast radiation (46-50 Gy), with or without regional nodal radiation, and a boost to the tumor bed (10-18 Gy). The total dose was generally determined by the extent of surgery and final margin status ranging from a median of 60 Gy with a negative margin to 64 Gy with a close margin to 66 Gy for a positive final margin. Whole breast radiation was conventional, wedged photon tangents (n = 676) earlier in the study period, while the majority of patients in later years received photon IMRT (n = 374). Details of the conventional radiation treatment policy during this study period have been previously described [18] . Patients treated with either technique were placed in an alpha-cradle cast on a 10-20% wedged breast board for setup reproducibility. All patients have been prescribed standard fractionation of 2 Gy per day to a total of 46-50 Gy over 4 -5 weeks. Conventionally treated patients were treated with breast tangents designed with either conventional fluoroscopic or CT-based simulation. Most patients were treated by a 6 MV linear accelerator, with higher energies with a beam spoiler used in patients with larger chest wall separations. Patients who underwent intensity-modulated radiation therapy (IMRT) undergo CT simulation to define the clinical target volume of the breast tissue and normal structures. The physician defines the clinical target volume (CTV) as the palpable breast tissue anterior to the chest wall to within 5 mm of the skin. A margin of 7 mm posteriorly and 1.5 cm superior and inferior are added to create a planning treatment volume (PTV). The IMRT technique used a combination of open and segmented tangential fields using volume-based inverse dose planning and step and shoot beam delivery. The primary tumor bed was boosted in 99% of patients for an additional 14-20 Gy. This boost was delivered with electrons in almost all patients. Treatment energy is dependent upon breast size and depth of the tumor bed from the skin surface.
During routine follow-up visits after completion of radiation, patients were asked to complete the EQ-5D questionnaire as part of a wider health assessment form. The EQ-5D was chosen for its ease of use, brief number of questions that can be completed rapidly, which is suitable for busy outpatient clinics, and open access without added institutional or patient expense. Physician visits are typically 3 months after completion of radiation and then 6-month intervals for the first 5 years. Many patients then take the option of following annually after that. This study made no control for the interval between completing the questionnaire and completion of radiation-patients at all intervals of follow-up were included. The actuarial analysis accounted for the different intervals between treatment and completion of the questionnaire. There was also no means for controlling which patients continued with follow-up in the department of radiation oncology at all versus receiving their follow-up care elsewhere. There was no means for analyzing and reporting information on the non-responding patients who may have been eligible for study but chose not to participate in clinical outcomes research on the database protocol.
Statistics
The descriptive system for each questionnaire completed by the patient results in 243 (3 5 ) possible unique health states described by the combination of the five dimensions. Each unique health state is then able to be assigned a values-based index score from population samples from 0 to 1. EQ index score was averaged at each follow-up year and compared across demographic and tumor characteristics, such as age, adjuvant therapy, radiation therapy, and recurrence status. Changes in the five descriptive health dimensions over time were studied by fitting linear regressions on percentages of patients reporting on each of the health dimensions. Pearson correlation was used to check the association between EQ index score and visual analog scale (VAS).
Results
The characteristics of the study population are shown in Table 1 . There were 2,480 questionnaires completed in total. The number of entries per patient was 1 in 336 patients (32%), 2 in 306 patients (29%), 3 in 223 patients (21%), and 4 or more in remaining patients (18%). The mean length of follow-up between treatment and time of report was 3 years (range: 0-24 years). There were 482 data points at 1 year, 171 at 5 years, 64 at 10 years, and 21 at 15 years. At the time of analysis of the questionnaire data, 1,038 patients remained alive, with 20 of these having evidence of recurrent breast cancer. Twelve patients have died, 4 of breast cancer and 8 of other causes. There have been 27 local recurrences, 2 regional nodal recurrences, 3 local and regional recurrences, and 23 distant recurrences.
The mean descriptive index scores were 0.89 (95% CI: 0.87-0.91) at 5 years, 0.9 (95% CI: 0.86-0.94) at 10 years, and 0.9 (95% CI: 0.83-1.0) at 15 years (Fig. 1 ). There were no significant differences in health states between patients by age. The mean by age at 5 and 10 years was 0.95 and 0.96 (ages 18-44), 0.9 and 0.93 (ages 45-64), and 0.88 and 0.76 (age [ 64; Fig. 2 ). For comparison, the reported mean index scores for the general U.S. female population are 0.86, and by age 0.91 (ages 18-44), 0.84 (ages 45-64), and 0.81 (age [ 64) [19] . There were no significant differences in mean index score by the use of adjuvant systemic therapy when comparing women treated by chemotherapy only, tamoxifen only, both or neither (P [ 0.05). There was no apparent difference in mean score by use of intensity-modulated radiation therapy (IMRT) versus conventional radiation, although very few patients treated with IMRT had followup greater than 3 years. There were also no significant differences between patients with and without a recurrence, although the number of questionnaires from patients with recurrence (n = 94) was small compared to those without recurrence (n = 2,386) dramatically limiting the power of the analysis to see such a difference.
Four of the five descriptive health dimensions showed a significant trend of moving between levels 1 and 2 over 15 years-1 scale trended up from 1 to 2 and 3 scales trended down from 2 to 1 (Fig. 3) . More patients reported some problems with self-care, although most patients [95% continued to report no problems. Over the same time period, fewer patients reported some problems with anxiety/depression, pain/discomfort, and usual activities at 15 years compared to immediately after treatment. Two of the five subscales, pain/discomfort and usual activity, had a significant trend in increasing reported level 3 but the absolute number of patients reporting this level of problems remained B5%.
The mean scores for the VAS were 82 (95% CI: 80-85) at 0 years, 84 (95% CI: 81-86) at 5 years, and 84 (95% CI: 79-90) at 10 years (Fig. 4) . There was a statistically significant positive correlation between the results of the VAS and the descriptive mean index score in each year from years 0 to 10. The correlation coefficient was 0.4 at 0 years (P \ 0.0001), 0.6 at 5 years (\0.0001), and 0.7 at 10 years (P \ 0.0001).
Discussion
This study of EQ-5D is unique in demonstrating very high levels of overall quality of life in patients treated with breast-conserving surgery and radiation even up to 15 years after treatment. These mean health states are comparable to those reported for the general U.S. adult population. We found a strong correlation between the VAS mean scoring and the mean index score derived from the descriptive 5-question part of the EQ-5D. The VAS provides additional internal validity for the results of the descriptive system within our population. The index score from the descriptive system is derived by converting the unique individual health state (243 possible outcomes from the five separate questions) into a number from 0 to 1 based on a values-based system of weighting each response. It is possible that different populations, such as the general population versus a cancer population, or a male population versus a female population, would assign different weighting to each of the possible health states. However, the VAS is a direct measurement of our patient's own values judgement of their health state without this conversion process-yet was still in concordance with the descriptive mean index scores. The VAS scoring alone, however, would be more limited in studying what is affecting a patient's health state compared to the descriptive system.
Our data are not enough to distinguish whether effects observed over time may be attributable to breast-conserving surgery or radiation or both, since all patients received both treatments. At the immediate completion of treatment, Ganz et al. reported quality of life in women after either mastectomy or breast-conserving surgery with or without radiation and chemotherapy [8] . They reported that women treated by lumpectomy had better physical functioning scores than women treated by mastectomy, but no difference in emotional well-being scores. Women's emotional functioning was, in general, normal compared to a nonaffected population of women. They found that there was no overall statistically significant difference in vitality scores between women treated with chemotherapy and women not treated with chemotherapy. This was similar to our finding that women's quality of life scores were not significantly different for women after radiation by use of systemic therapy. Using a scale from 1 to 10, women were found to have a high quality of life-the adjusted mean score after lumpectomy only was 7.7 and lumpectomy with chemotherapy 7.4. Other studies have focused on the time period from weeks to months after radiation. There are data from a large phase III clinical randomized trial that show that the impact of radiation is non-significant on overall quality of life. Prescott et al. reported a trial from Edinburgh, of women aged 65 years or older randomized to receive postlumpectomy radiation or no radiation [9] . These women were selected for node negative, low-risk favorable early stage breast cancer. All were also treated with endocrine therapy. There was no difference in overall quality of life by the EQ-5D assessment. There were no recurrences within the first 15 months, so that the quality of life utilities were identical between treatments. Other clinical trials have reported either no significant difference in quality of life outcomes [10] [11] [12] or a modest decrease [13] in the short-term period of months after postlumpectomy radiation. Lee et al. reported quality of life of women treated with lumpectomy and radiation at baseline, completion, and 7 months after radiation [14] . The assessment tool was the European Organisation for Research and Treatment of Cancer (EORTC) QLQ-30 and BR-23 questionnaires. For the 61 women tested, there was no difference in quality of life scores between the three time points. The global health status scores for quality of life were high. The mean scores were 68, 71, and 78 at baseline, at postradiation, and at 7 months after treatment, respectively. Emotional functioning scores were also high (79-80 out of a possible 100). Fatigue was a strong predictor of quality of life, with mean scores from 23 to 33, but was back to baseline by the 7-month time point.
In a study of more long-term effects after radiation, Waljee et al. reported quality of life in women treated with breast-conserving surgery over a 4-year period by means of a questionnaire sent out at a single time point within a few years after treatment [15] . This differs from our methodology, where the EQ-5D was given to women at various times from the first follow-up visit after radiation to up to 15 years after treatment. However, despite using a different questionnaire, their findings were similar to our own results. On a scale of 0-100, they found that the mean quality of life of responding patients at the single time point was very high at 85.2. We compared this result to our finding of a mean of 84 from the EQ-5D VAS (also calibrated from 0 to 100) both 5 and 10 years after treatment. Their study also found that depressive symptoms occurred in 22.3% of women. We reported on the descriptive scale of the EQ-5D *25-30% of women reported moderate problems with anxiety and depression, with a trend to decreasing incidence over 15 years of follow-up after treatment. This is consistent with the finding that anxiety and depression scores may not change or can actually improve during and up to 2 months after radiation [20] .
While not directly measuring fatigue in this study, the descriptive subscales of performance of usual activities in this study showed that most patients ([85%) reported no problems on average by 15 years. Fewer patients reported some problems or extreme problems over time. Fatigue is reported in up to 34% of patients treated for breast cancer up to 10 years after diagnosis, with 21% of patients having persistent problems with fatigue over time [21] . Significant fatigue has been reported in as many as 43% of patients during radiation [22] . Fatigue generally increases during the weeks of radiation and reaches a plateau after week 4 [20, 22] . Two studies have shown that fatigue returns to baseline by 2-3 months after radiation [20, 23] . This is consistent with our observations. Only the subscale of ability to do self-care activities showed a decrease in patients reporting no problems, but by 15 years, the numbers reporting some problems (8%) and extreme problems (3.5%) were small. This is probably an observation effect of normal aging in some of our patients, given that 30% were aged 65 years or older at the time of radiation.
Decisions about coverage of new medical treatments, or allocating resources at the country or insurance payer level, require cost and outcomes data. A cost-utility analysis is one method of outcomes research that factors in qualityadjusted survival with cost-effectiveness or cost-benefits when assessing a particular form of medical treatment [24] . Quality-adjusted survival, usually measured in qualityadjusted life-years (QALYs), uses patient preferences for health states. These types of analyses have been used to assess outcomes in early stage breast cancer [25] [26] [27] . These data could also be used to provide essential utility information for informing decision analyses investigating new treatments. Absent these outcomes data, new technologies and treatments have been placing an increasing burden on the health care system in the United States [28] . These analyses can be used to compare outcomes for radiation versus no radiation in selected subgroups of patients. Specifically with regard to breast cancer, data on utilities would be important in comparing new technology of IMRT to conventional radiation, or comparing new techniques of partial breast irradiation to whole breast irradiation. In the current study, with short-term follow-up in patients treated by IMRT, we did not see a difference in quality of life outcomes for patients treated by IMRT compared to conventional radiation within 4 years from treatment.
There were many limitations to this study that need to be considered. A limitation of the study design is the restriction of the study population eligible to complete a questionnaire to patients returning to follow-up over time to our department. There were relatively few questionnaires at 10 years (21), which weaken the power of the study to detect differences in health outcomes compared to the early years of follow-up after treatment. The population was relatively early stage (18% in situ, 79% node negative or clinically negative in the setting of DCIS) and therefore candidates for breast conservation in the first place. And patients exclusively following up for their care in Medical or Surgical Oncology were not available for study inclusion. It may be expected that women with distant recurrence of disease may have been only seen by Medical Oncology from that point and not Radiation Oncology. There were relatively few women in this population completing questionnaires being followed in our department who experienced recurrence and subsequent death from disease. This study bias could not be overcome by contacting and collecting data on patients who did not complete the questionnaire. As a retrospective analysis of data collected in our department prospectively, there was no permission given by patients to contact them after treatment and/or mail them questionnaires if they did not return for follow-up in our department. Therefore, the conclusions of this study are applicable to the favorable group of women with early stage cancer, who are survivors of their breast cancer, and have no other serious comorbidities and sufficient performance status for regular follow-up in an outpatient setting. However, the excellent outcomes in these patients that were comparable to the general population is an important finding that could be reassuring to the prospective radiation patient that recovery of quality of life in the years after treatment is the norm and not the exception.
Conclusion
Patient self-reported quality of life by the EQ-5D was high and remained stable for up to 15 years after treatment with breast-conserving surgery and radiation. There was good statistical correlation between patient-reported outcomes by either the VAS or descriptive system. These data will provide valuable patient utility information for informing decision analyses investigating new treatments in women with breast cancer.
